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(54) Multlcarrier modulation using guard Intervals to reduce the effects of discontinuities 



(57) An orthogonal frequency division multiplex 
(OFDM) modulator of such a system as to add guard 
intervals to a temporal waveform generated by modulat- 
ing an input data train into a large number of (sub)carri- 
ers, conducting quadrature modulation, and outputting 
an OFDM signal includes an IFFT circuit (81) for con- 
ducting inverse fast Fourier transform (IFFT) processing 
to modulate the input data train into a large number of 
(sub)carriers; a guard interval adder (82) for adding a 
guard interval to each effective symbol duration of a 
composite carrier signal supplied from the IFFT circuit 
and outputting a resultant signal; a control signal gener- 
ator (2, 1A) for generating, in synchronism with each 

FIG.9 



guard interval of the composite carrier signal having the 
guard intervals added thereto, such a control signal as 
to attenuate signal amplitude of the composite carrier 
signal over an interval substantially equal in length to 
each guard interval; and an amplitude controller (1B) 
responsive to the control signal, to attenuate the ampli- 
tude of the composite carrier signal supplied from the 
guard interval adder and output a resultant signal, only 
over an interval substantially equal in length to each 
guard interval, the amplitude controller outputting, in 
remaining intervals, the composite carrier signal sup- 
plied from the guard interval adder as it is. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an OFDM (Orthog- s 
onal Frequency Division Multiplex) modulation method 
and an OFDM modulator used in digital transmission 
apparatuses of OFDM modulation system. 

In recent years, digitization of the television broad- 
casting have been studied. As its modulation system, 
the adoption of the OFDM modulation system is 
regarded as promising. 

By the way, this OFDM modulation system is one 
kind of the multi-carrier modulation system. In the 
OFDM modulation system, a large number of digital 
modulated waves are added together. As the modula- 
tion system of each carrier at this time, the QPSK 
(quadrature phase shift keying) system or the tike is 
used. According to this system, a composite wave 
(OFDM signal) as shown in FIG. 1 can be obtained. 

FIG. 1 shows the case where the number of carriers 
is 24. In FIG. 1 , T s denotes an effective symbol duration 
(duration of all effective symbols) of one symbol data. 

Expression of this OFDM signal using a numerical 
expression will now be described. 

Representing the QPSK signal of each carrier by 
(^(t). it can be expressed by equation (1). 

a k (t) = a k (t) x cos(2ickft) + b k (t) x sin(2jikft) (1) 

Here, k represents a carrier number, and a k (t) and b^t) 
are data of a kth carrier, and assume the value of [-1] or 
[1]. 

Assuming the number of carriers is N, the OFDM 
signal is a combination of N carriers. Denoting this by 
p k (t), it can be represented by equation (2). 

N 

Pk(t)=I>k(t> (2) 
k-1 



Assuming now that each component has coefficient 
values a* = 0 and = 1 in the equation (1) and N = 24 
in the equation (2), waveforms of the coefficient values 
a^t) in the equation (2) are exemplified in FIG. 1 . Rep- 
resenting the equation (2) in the form of a frequency 
spectrum, a spectrum shown in FIG. 2 is obtained. 

In the OFDM system, a guard interval is typically 
added to each effective symbol duration of the compos- 
ite carrier signal in order to mitigate the influence of the 
multi-path. In other words, a guard interval AT is added 
to an effective symbol duration V s as shown in FIGS. 3 
and 4. 

FIG. 3 shows an example of the case where a 
guard interval has been added to a carrier wave of k = 1 
for simplifying the description. FIG. 4 shows an example 
of the case where a guard interval has been added to a 



composite carrier signal obtained by combining N = 448 
carriers. 

As shown in FIG. 3, a waveform (a) of an interval 
AT/2 located in a start portion of the effective symbol 
duration V s is added after an end edge of the effective 
symbol duration as a rear guard interval waveform (a') 
of an interval AT/2. In the same way. a waveform (b) of 
an interval AT/2 located in an edge portion of the effec- 
tive symbol duration V s is added before a start edge of 
the effective symbol duration as a front guard interval 
waveform (b 1 ) of an interval AT/2. By the sum total of 
these front and rear guard interval waveforms (b') and 
(a), a guard interval of an interval AT is added to one 
effective symbol duration V s . The entire symbol dura- 
tion containing the effective symbol duration V s and the 
guard interval AT, i.e., the entire symbol duration (sym- 
bol duration with guard) becomes T s . 

By the way, (c) is a rear guard interval added to an 
immediately preceding effective symbol duration, and 
(d) is a front guard interval added to an immediately 
succeeding effective symbol duration. At connection 
points (changeover points) t-t and t 2 of the entire symbol 
duration, the waveform becomes discontinuous. Espe- 
cially at the time t 1 forming the connection point 
between the entire symbol duration of X = 0 and the 
entire symbol duration of X = 1 , the waveform step (level 
change) becomes large and side lobes are generated 
as described later. 

In the above described example, the front and rear 
guard intervals having the same interval AT/2 are added 
to the start edge and the end edge of the effective sym- 
bol duration, respectively. Alternatively, a front guard 
interval and a rear guard interval differing in duration 
and having total duration equivalent to AT may be 
added to the start edge and the end edge of the effec- 
tive symbol duration, respectively. 

Alternatively, a guard interval having duration of AT 
may be added to the start edge or the end edge of the 
effective symbol duration. FIG. 5 is a waveform diagram 
of the case where a guard interval having duration of AT 
has added to the end edge of the effective symbol dura- 
tion for the carrier wave of k = 1 . 

FIGS. 6A and 6B are basic configuration block dia- 
grams of an OFDM modulation/demodulation apparatus 
using a conventional technique shown in, for example, 
JP-A-7-321762. Hereafter, the modulation/demodula- 
tion operation of the OFDM signal will be described by 
referring to FIGS. 6A and 6B. As illustrated, an IFFT 
(Inverse Fast Fourier Transform) unit 81 is used for the 
OFDM modulation, and a FFT (Fast Fourier Transform) 
unit 95 is used for demodulation. 

In a system of adding guard intervals to a temporal 
waveform generated by modulating an input data train 
into a large number of (sub)carriers. a modulation unit 
(sending stde)(OFDM modulator) for conducting orthog- 
onal frequency division multiplex (OFDM) includes an 
IFFT unit (81) for conducting inverse fast Fourier trans- 
form (IFFT) processing to modulate the input data train 
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into a large number of (sub)carriers, a guard interval 
adder for adding a guard interval to each effective sym- 
bol duration of a combined carrier signal supplied from 
the IFFT unit (81) and outputting a resultant signal, and 
an quadrature processor (84) for applying quadrature s 
modulation to the signal supplied from the guard interval 
adder and outputting an OFDM signal. 

In other words, in the sending side (modulation unit) 
T shown in FIG. 6A, inverse Fourier transform is con- 
ducted in the IFFT unit 81 by regarding an in phase io 
component I of each carrier as real part data R t and a 
quadrature component Q as imaginary part data l t . 
Thus, a real part signal R and an imaginary part signal I 
in the time domain are obtained. 

To this signal, a signal corresponding to the guard is 
interval is added in the guard interval adder 82. Result- 
ant signals R g and l g are subject to D/A conversion in a 
digital-to-analog (D/A) converter 83 (83a and 83b). By 
using a carrier signal having a frequency f c supplied 
from an oscillator 85 for an analog signal of the real part 20 
signal R g and using a carrier signal shifted in phase by 
90° by a phase shift circuit 86 for an analog signal of the 
imaginary part signal l g , quadrature modulation is con- 
ducted in the quadrature modulator 84. Resultant sig- 
nals are combined in a synthesizer (adder) 87. An 2s 
OFDM signal is thus obtained. In FIG. 6A, 84a and 84b 
denote multipliers. 

In the receiving side (demodulation unit) R shown in 
FIG. 6B. operation opposite to that of the sending side 
is conducted. An output obtained by demodulating the 30 
received OFDM signal in an quadrature demodulator 91 
with a carrier signal of a frequency f c supplied from an 
oscillator 93 is taken out as a real component. An output 
obtained by demodulating the received OFDM signal in 
the quadrature demodulator 91 with the carrier signal 35 
shifted in phase by 90° in a phase shifting circuit 92 is 
taken out as an imaginary component. These demodu- 
lated signals are converted to digital signals by an ana- 
log-to-digital (A/D) converter 94 (94a, 94b). The digital 
signals are subject to Fourier transform in a FFT unit 95. 40 
OFDM demodulated signals are thus obtained. In FIG. 
6B. 91a and 91b denote multipliers. 

When conducting fast Fourier transform, a timing 
signal regenerator 96 is used to attain timing as shown 
in the receiving side R of FIG. 6B. 45 

For attaining the timing of this fast Fourier trans- 
form, signals for timing extraction (hereafter referred to 
as synchronizing signals) are embedded at the rate of m 
symbols every M symbols (where m < M) on the send- 
ing side T as shown in FIG. 7. so 

Here, one symbol means the entire symbol duration 
T s obtained by adding the guard interval AT to the effec- 
tive symbol duration V s . 

By extracting the synchronizing symbols on the 
receiving side R. symbol boundaries (connection 55 
points) are calculated and timing of fast Fourier trans- 
form is attained. 

A timing signal regenerator used for this purpose 



can be implemented by using, for example, a circuit hav- 
ing a configuration as shown in FIG. 8. 

To be concrete, a pattern of the synchronizing sym- 
bol (such as, for example, a sine wave of a single fre- 
quency) 21a is stored in a memory 22 beforehand by 
using a timing signal regenerator. An A/D converted 
OFDM signal 21b and the pattern 21a stored in the 
memory 22 are input to a correlator 21. At the time 
when the pattern 21a supplied from the memory 22 
coincides with the pattern of the OFDM signal 21b, a 
pulse 96a functioning as a timing signal is generated 
and supplied to the FFT unit 95. This pulse 96a is used 
in the FFT unit 95 as the start timing of the fast Fourier 
transform. 

In FIG. 2, a waveform of one out of a plurality of car- 
rier signals (i.e., a waveform of a carrier frequency f c x 
m) is indicated by a thick line above the OFDM spec- 
trum. From the waveform, it is understood that a main 
spectrum occurs at a carrier frequency f c x m in an 
OFDM signal and spectra having frequencies such as 
f c x (m - 1) and f c x (m + 1) occur at fixed frequency 
intervals adjoining to the frequency fc x m while repeti- 
tively becoming smaller. 

In the OFDM signal having such a characteristic 
and including a combination of a plurality of carriers, 
carriers are in mutual orthogonal relations. Therefore, 
the OFDM signal has such a property that side lobes 
caused by the discontinuity between symbols of carriers 
become the 0 level in main spectra of other carriers and 
the carriers do not affect each other. On the other hand, 
unnecessary leakage power appear outside the band. 

Assuming that the OFDM signal shown in FIG. 2 
has a carrier spacing frequency of f c and includes N 
carriers, the spectrum of such a sent OFDM wave will 
now be qualitatively described. In this case, the required 
bandwidth of the OFDM signal becomes f c x N. 

First of all. in the required bandwidth f c xN, main 
spectrum components of a total of N carriers occur at 
intervals of the frequency f c so as to form a rectangular 
shape. 

On the other hand, outside the required bandwidth 
f c x N, side lobes of N carriers occur overlapping each 
other while being attenuated. As a result, unnecessary 
leakage spectra occur outside the required bandwidth 
f c x N in a slope form as illustrated. 

As for the level of the leakage spectra appearing 
outside the band, a level of about -20 dB with respect to 
each of the carriers contained in the required band is 
maintained in the vicinity of the required band. Even at 
a frequency located far away from the required band, 
the level eventually falls only to approximately -40 dB. 

In typical transmission systems, all of the frequency 
bandwidth (such as, for example, 9 MHz) allowed to be 
used is used in order to secure the greatest possible 
transmission capacity. 

On the other hand, frequency regions adjacent to 
the required band are utilized for other communication 
services. If there is a leakage spectrum, therefore, other 
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communication is disturbed. 

As for the leakage spectra outside the required 
band, therefore, only leakage spectra having a prede- 
termined level or below (such as, for example, -40 dB or 
below) are allowed. s 

In the conventional technique, therefore, the leak- 
age spectra outside the required band are suppressed 
by using a filter. 

Unnecessary radiation in a frequency region 
located far away from the required band can be easily 10 
removed by only inserting a BPF (bandpass filter) hav- 
ing a gentle characteristic in a high frequency portion, 
an intermediate frequency portion, or a baseband por- 
tion. 

15 

SUMMARY OF THE INVENTION 

The above described conventional technique has 
problems that the problem caused by use of a filter is 
not taken into consideration and it is difficult to prevent 20 
the cost and size of the apparatus from being increased. 

For removing the radiation having an in-band car- 
rier ratio of about -20 dB appearing in the vicinity of the 
required frequency band by using a filter as in the con- 
ventional technique, there is needed a filter attenuating 25 
the output level by at least 20 dB in the vicinity of the 
required band located outside the required band. 

For obtaining sharp attenuation as large as 20 dB in 
such a small frequency difference, however, a high per- 
formance filter having a large number of stages, i.e., a 30 
large sized, expensive filter is needed. This makes it dif- 
ficult to reduce the size and cost of the apparatus. 

On the other hand, if a filter satisfying practical con- 
ditions concerning the cost and so on is used, a sharp 
attenuation characteristic cannot be expected. In the 35 
case of the OFDM signal having a sharp spectrum char- 
acteristic, therefore, even the carriers in the required 
band are attenuated. 

In this case, therefore, it is difficult to avoid the influ- 
ence upon other communication with the exception of 40 
adopting such a design as to decrease the required 
bandwidth and consequently the transmission capacity. 

An object of the present invention is to provide an 
OFDM modulation method and an OFDM modulator 
eliminating the above described problems of the con- 45 
ventional technique. 

Another object of the present invention is to provide 
an OFDM modulation method and an OFDM modulator 
reconciling the sufficient utilization of a frequency band 
and sufficient suppression of unnecessary radiation so 
without depending upon the performance of the filter. 

In order to achieve the above described objects, an 
orthogonal frequency division multiplex (OFDM) modu- 
lation method of such a system as to add guard inter- 
vals to a temporal waveform generated by modulating 55 
an input data train into a large number of (sub)carriers, 
conducting quadrature modulation, and outputting an 
OFDM signal includes, in accordance with the present 



invention, includes the steps of: (a) conducting inverse 
fast Fourier transform (IFFT) processing to modulate 
the input data train into a large number of (sub)carriers; 

(b) adding a guard interval to a start edge or an end 
edge of each effective symbol duration of a com- 
posite carrier signal obtained by the step (a); 

(c) attenuating amplitude of the composite carrier 
signal having the guard intervals added thereto and 
outputting a resultant signal, only over an interval 
substantially equal in length to the each guard inter- 
val, and outputting, in remaining intervals, the com- 
posite carrier signal supplied from the guard 
interval adder as it is. 

In an example of the present invention in which 
guard intervals of AT/2 are added to both edges of each 
effective symbol duration, the step (c) includes the step 
of gradually increasing attenuation of the amplitude of 
the composite carrier signal having the guard intervals 
added thereto, substantially from a start point of the 
each guard interval, maximizing the attenuation nearly 
in a central part of the guard interval to make the ampli- 
tude of the composite carrier signal equal to substan- 
tially zero, thereafter gradually decreasing the 
attenuation, and making the attenuation equal to zero 
substantially at an end point of the guard interval. 

According to the present invention, the composite 
carrier signal having the guard intervals added thereto 
is thus attenuated in amplitude and output, only over an 
interval substantially equal in length to the each guard 
interval. Therefore, a level change at changeover point 
(i.e., connection point) of each symbol is made gentle. 
As a result, the occurrence of side lobes caused by 
each lobe can be suppressed. 

In the above described example, the attenuation of 
the amplitude of the composite carrier signal having the 
guard intervals added thereto is gradually increased 
substantially from a start point of the each guard inter- 
val, maximized nearly in a central part of the guard inter- 
val to make the amplitude of the composite carrier 
signal equal to substantially zero, thereafter gradually 
decreased, and made equal to zero substantially at an 
end point of the guard interval. Therefore, a level 
change at changeover point (i.e., connection point) of 
each symbol is made more gentle. As a result, the 
occurrence of side lobes caused by each lobe can be 
suppressed. 

In an example of the present invention in which a 
guard interval of AT is added to a start edge or an end 
edge of each effective symbol duration, the step (c) 
includes the step of attenuating signal amplitude of the 
composite carrier signal over an interval which centers 
around a connection point between the guard interval 
and an effective symbol duration adjacent thereto and 
which is substantially equal in length to the guard inter- 
val. 

In this way. the composite carrier signal is attenu- 
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ated over an interval which centers around a connection 
point between the guard interval and an effective sym- 
bol duration adjacent thereto, and at the connection 
point having the greatest difference in level, the attenu- 
ation is maximized and the amplitude of the signal is 5 
made equal to nearly zero. As the entire signal, there- 
fore, the difference in level of the waveform becomes 
extremely small. 

As a result, required specifications for the filter can 
be made loose. Owing to the lowering in the filter order, 
the cost and size of the filter can be reduced. Further- 
more, even the filter itself can be eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an example of the 
waveform of an OFDM signal; 
FIG. 2 is a diagram showing the frequency spec- 
trum of an OFDM signal; 

FIG. 3 is a waveform diagram showing such a state 
that front and rear guard intervals each having 
duration of AT/2 have been added to a carrier wave 
of k = 1 ; 

FIG. 4 is a waveform diagram showing such a state 
that guard intervals have been added to a compos- 
ite carrier signal of 448 carrier waves; 
FIG. 5 is a waveform diagram showing such a state 
that a rear guard interval having duration of AT has 
been added to a carrier wave of k = 1 ; 
FIG. 6A is a block diagram showing an example of 
the configuration of a modulation unit of a conven- 
tional OFDM modulation/demodulation apparatus; 
FIG. 6B is a block diagram showing an example of 
the configuration of a demodulation unit of the con- 
ventional OFDM modulation/demodulation appara- 
tus; 

FIG. 7 is a diagram showing the configuration of an 
OFDM signal; 

FIG. 8 is a block diagram showing an example of 
the configuration of a timing signal regenerator 
included in the demodulation unit of the OFDM 
modulation/demodulation apparatus of FIG. 6B; 
FIG. 9 is a block diagram showing the configuration 
of an OFDM modulator according to an embodi- 
ment of the present invention; 
FIG. 10 is a block diagram showing an example of 
the configuration of an amplitude controller shown 
in FIG. 9; 

FIG. 11 is a timing chart of signals for explaining the 
operation of the amplitude controller shown in FIG. 
10; 

FIG. 12 is a block diagram showing an example of 
the configuration of a symbol edge signal generator 
shown in FIG. 9; 

FIG. 13 is a timing chart of signals for explaining the 
operation of the symbol edge signal generator 
shown in FIG. 12; 

FIG. 14 is a waveform diagram showing a simula- 



tion result of OFDM modulator outputs in a conven- 
tional technique and the present invention; 
FIG. 15 is a block diagram showing the configura- 
tion of the OFDM modulator according to another 
embodiment of the present invention; 
FIG. 16 is a block diagram showing an example of 
the configuration of the amplitude controller in still 
another embodiment of the present invention; 
FIG. 1 7 is a timing chart of signals for explaining the 
operation of the amplitude controller shown in FIG. 
16; 

FIG. 18 is a block diagram showing an example of 
the configuration of the amplitude controller in yet 
another embodiment of the present invention; 
FIG. 1 9 is a timing chart of signals for explaining the 
operation of the amplitude controller shown in FIG. 
18; and 

FIG. 20 is a timing chart of signals for explaining the 
operation of a variant of the embodiment shown in 
FIG. 18. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of an OFDM modulator according to 
the present invention will now be described in detail by 
referring to the accompanying drawing. 

FIG. 9 is a block diagram showing the configuration 
of an OFDM modulator according to an embodiment of 
the present invention. In FIG. 9. components having the 
same configuration as those of the modulation unit of 
FIG. 6 A are denoted by like reference characters, and 
description thereof will be omitted. 

In the present embodiment, the present invention is 
applied to such an OFDM modulation system that a 
front guard interval and a rear guard interval having the 
same duration AT/2 have been respectively added to 
the start edge and the end edge of the effective symbol 
duration as shown in FIG. 3. The OFDM modulator of 
FIG. 9 includes an IFFT unit 81 , a guard interval adder 
82, an amplitude controller 1 , a symbol edge signal gen- 
erator 2, and an quadrature processor 3. The quadra- 
ture processor 3 includes a D/A converter 83, an 
quadrature modulator 84, an oscillator 85, a phase 
shifter 86, and a synthesizer 87. With the exception of 
the amplitude controller 1 and the symbol edge signal 
generator 2, therefore, the present embodiment has the 
same configuration as the sending side T of the conven- 
tional technique described with reference to FIG. 6A. 

Therefore, output signals R and I of the IFFT unit 81 
are input to the guard interval adder 82. Signals R g and 
l g obtained by the guard interval adder 82 are input to 
the amplitude controller 1. Output signals yR g and 
y l g of the amplitude controller 1 are input to the quad- 
rature processor 3. 

The amplitude controller 1 is supplied with a pulse 
(symbol edge signal) P E generated at the end edge of 
the effective symbol duration V s and a pulse (symbol 
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edge signal) Ps generated at a time point immediately 
preceding the start of the effective symbol duration. 
From the time point of occurrence of the pulse Pe- the 
amplitude of each of the input signals R g and l g is made 
smaller in a slope form with the advance of time. At the 5 
time point of occurrence of the pulse P s , these signals 
are made substantially equal to zero in amplitude. Fur- 
thermore, thereafter, the amplitude of each of the input 
signals R g and l g is made larger in a slope form with the 
passage of time. At the time point of disappearance of 
the pulse P s . such processing as to restore the ampli- 
tude of each of the input signals R g and l g to the original 
amplitude is conducted. The amplitude controller 1 
functions to output the signals y* Rg and y • l g subject to 
such processing. 

The symbol edge signal generator 2 is supplied 
with a pulse P g indicating the guard interval from the 
guard interval adder 82. The symbol edge signal gener- 
ator 2 functions to output the pulse P E representing the 
end time point of the effective symbol duration and the 
pulse P s representing the start time point of the next 
effective symbol duration to the amplitude controller 1 
on the basis of the pulse P g . 

Over an interval between the end time point of an 
effective symbol and the start time point of the next 
effective symbol, therefore, the signals R g and l g low- 
ered in level are obtained as the output signals y - R g 
and y I g of the amplitude controller 1. As a result, gen- 
eration of side lobes by each carrier can be sufficiently 
suppressed as described later. 

The configuration and operation of each compo- 
nent will now be described more concretely. 

First of all, the amplitude controller 1 includes an 
amplitude control circuit 1A and an amplitude control 
signal generation circuit 1B as shown in FIG. 10. The 
amplitude control circuit 1 A includes multipliers 1-1 and 
1-2. The amplitude control signal generation circuit 1B 
includes an up-down counter 1-3 and a decoder 1-4. 

To an input terminal of the multiplier 1-1, an input 
line of the signal R g is connected. To an input terminal 
of the multiplier 1 -2, an input line of the signal l g is con- 
nected. To multiplying coefficient terminals of the multi- 
pliers 1-1 and 1-2, an output y of the decoder 1-4 is input 
as the multiplying coefficient. 

To an up count terminal UP of the up-down counter 
1 -3, the pulse Pe generated at the end time point of the 
effective symbol duration is input. To a down count ter- 
minal DOWN of the up-down counter 1-3, the pulse P s 
generated at the time point immediately preceding the 
start of the effective symbol duration is input. 

A count output c of this up-down counter 1 -3 is input 
to the decoder 1-4. As a result, the above described 
multiplying coefficient y is generated from a decode out- 
put of this decoder 1-4 and input to the multipliers 1-1 
and 1-2. 

From output terminals of the multipliers 1-1 and 1-2, 
therefore, multiplication results y* Rg and y* l g are out- 
put, respectively. The decoder 1 -4 has such a configura- 



tion that the multiplying coefficient y becomes y = y 0 (y 0 
= 1 .0) when the count value c of the up-down counter 1 - 
3 is Co. thereafter y is linearly decreased as the count 
value c is increased, and y becomes y 3 Yi (Y1 ** 0) 
when the count value c is c v 

The up-down counter 1-3 is supplied with a clock 
signal CL from a clock generator (not illustrated). The 
up-down counter 1-3 has such a configuration that 
count up is caused, i.e., the count value is increased in 
response to a clock signal while the input signal P E is 
present on the up count terminal, and count down is 
caused, i.e., the count value is decreased in response 
to a clock signal while the input signal P s is present on 
the down count terminal. 

Operation of the amplitude controller 1 will now be 
described by referring to a timing chart of various sig- 
nals of FIG. 11. 

First of all, the pulse P E appears over an interval 
between time t X 3 and time trx+i)i of every symbol (Xth 
symbol). The pulse P s appears over an interval 
between time t x1 and time tx2 of every symbol. 

In the case of the symbol with X = 0, the count value 
c of the up<Jown counter 1 -3 assumes a value of Co until 
a time to3, counts up over an interval between the time 
to3 and time t 11( and reaches a value c 1 at the time t 1v 

As illustrated, therefore, the multiplying coefficient y 
is also changed linearly from yo (yo = 1 °) to Y1 (y 1 ^ 0) 
over an interval between the time to3 and the time t 1v 
Over the interval between the time to 3 and the time t 1 1 , 
therefore, each of the outputs y Rg and y* ' g respec- 
tively of the multipliers 1-1 and 1-2 is also decreased 
gradually from a level in the case of absence of ampli- 
tude control as represented by a broken line shown in (f) 
of FIG. 1 1 (which is referred to as level 1 .0) to level 0 
(because yi 0) and becomes as represented by a 
solid line. In (f) of FIG. 11, broken lines represent signal 
waveforms of the guard interval obtained before the 
amplitude control is applied. 

Subsequently, over an interval between the time t 1 1 
and time t 12 , the count value c of the up-down counter 
1-3 is restored from the value c1 to the value c 0 . As a 
result, the multiplying coefficient y is also increased lin- 
early from yi (Yi ^ 0) to yo (yo = 10). Over the interval 
between the time t-i ^ and the time t 12 , therefore, each of 
the outputs y* Rg and y * l g respectively of the multipliers 
1 -1 and 1*2 is also restored gradually from level 0 to the 
original level of the case where the amplitude control is 
not applied, as represented by a broken line of (f) of 
FIG. 11. 

Also in the guard intervals after the next time t 13 , 
the same operations are repeated one after another. 

In this embodiment, the amplitude control circuit 1 A 
is formed by using the multipliers. Even if a method 
using a ROM table is adopted, however, the amplitude 
control circuit 1 A can be implemented in the same way 

As shown in FIG. 12, the symbol edge signal gener- 
ator 2 is formed by an edge detector 2-1 , a counter 2-2, 
and a decoder 2-3. 
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First of all, the edge detector 2-1 is supplied with a 
pulse P g indicating a guard interval generated between 
time t X 3 and tpc +1 ) 2 from the guard interval adder 82. As 
shown in (a) of FIG. 13, the edge detector 2-1 detects 
the start point (rising edge) of the pulse P g and gener- 
ates an edge signal P^. This edge signal P^ is input to 
a reset terminal of the counter 2-2, and used to conduct 
reset operation for restoring the count value 2c of the 
counter 2-2 to 0 whenever time t X 3 is reached. 

The counter 2-2 conducts count-up operation in 
response to a clock signal CL supplied from a clock 
generator which is not illustrated. The counter 2-2 has 
such a configuration as to be reset by the edge signal 
Pgs- In synchronism with the pulse P g , therefore, the 
counter 2-2 repeats the count operation with a period 
equivalent to the interval between t X 3 and t (X+1 ) 3t which 
is equal to the entire symbol duration. 

As a result, a count output 2c of the counter 2-2 
takes the shape of a sawtooth waveform having the 
interval between t X3 and t^x +1 j 3 as its period as repre- 
sented by an analog form in (c) of FIG. 13. 

The decoder 2-3 decodes the count output 2c of the 
counter 2-2. The decoder 2-3 functions to generate the 
pulse P g representing the end time point of a symbol 
duration in a transition of the count value from 2cq to 
2c-, , and generate the pulse P s representing the start 
time point of a symbol duration in a transition of the 
count value from 2c 1 to 2c 2 . 

By supplying these pulses P E and P s to the ampli- 
tude controller 1, therefore, the signal level is lowered 
over the duration of the guard intervals between the end 
time point of an effective symbol and the start time point 
of the next effective symbol. As a result, occurrence of 
side lobes caused by discontinuity of connection points 
between symbols in each carrier can be sufficiently sup- 
pressed. This point will now be described in more detail. 

As is well known, a signal formed by a waveform 
having a symbol period of T s has a fundamental wave 
having a frequency of 1/T S and harmonic waves each 
having a frequency of n/T s (where n is an integer). 

For example, a complete rectangular wave having a 
period of T s has infinite odd harmonic spectra having 

frequencies 3/T s . 5/T s , 7/T s On the other hand, it is 

well known that a sine wave having a period T s has only 
a spectrum having a frequency of 1/T S , and it does not 
contain any harmonic. 

For simplifying the description, it is now assumed 
that the real part signal R g has a waveform close to that 
shown in FIG. 3 having only k = 1 in the equation (2). At 
this time, the first temporal waveform with X = 0 is sin 
(2rtft) itself shown in FIG. 3. The next symbol with X = 1 
has identically sin (2rcft). By taking, as an example, the 
case where the largest quantity of unnecessary spectra 
are generated by such a repetition, description will be 
given by referring to FIG. 1 1 . 

Under this condition, not only the fundamental 
spectrum sin (2nft), but also the magnitude of the differ- 
ence in level of the waveform at the time t n located at 
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the connection point between the symbol with X = 0 and 
the symbol with X = 1 influences the quantity of the 
unnecessary spectra. In other words, if the difference in 
level of the waveform at the time ti <\ between the rear 

5 guard interval and the front guard interval is slight, then 
the waveforms in the rear guard interval and the front 
guard interval are close to the continuous sine wave, 
and spectra other than the fundamental wave become 
nearly 0. If the difference in level of the waveform at the 

T0 time t-| 1 between the rear guard interval and the front 
guard interval is large as in the case shown in (f) of FIG. 
1 1 , however, then the existence of this difference in level 
becomes equivalent to the existence of a rectangular 
wave, and odd harmonics contained in the rectangular 

is wave are additionally mixed in. 

By the amplitude control described above, however, 
the waveform levels at time tn near the connection 
point between the rear guard interval and the front 
guard interval are made substantially 0. Therefore, the 

20 waveform level becomes continuous and the level differ- 
ence is reduced or made equal to 0. This results in such 
a state that nearly only the fundamental wave spectrum 
is contained. Unnecessary harmonics are also limited. 
Simulation results of the output signals of OFDM 

25 modulators respectively using the conventional tech- 
nique and the present embodiment are exemplified in 
FIG. 14. 

In the illustrated waveforms, broken lines represent 
the waveform in the case where the amplitude in the 

30 rear and front guard intervals is limited according to the 
present embodiment. Solid lines represent the wave- 
form in the case where the amplitude is not limited (con- 
ventional technique). 

This example shows the case where guard inter- 

35 vals of 256 samples are provided for an effective symbol 
of 1024 samples. In the case of the conventional tech- 
nique represented by the solid lines, the harmonic spec- 
trum falls to only -20 dB to -30 dB in a band located on 
the immediately left side of the center of FIG. 14. In the 

40 case of the present embodiment limited in amplitude 
over the guard intervals and represented by broken 
lines, however, the harmonic spectrum is suppressed to 
-40 dB which substantially poses no problem. 

In other words, if in the above described embodi- 

45 ment the level change at the connection point (change- 
over point) between symbols is made a gentle change 
instead of the steep change, the approximate shape 
changes from the rectangular wave to a sinusoidal 
shape. From qualitative analogy as well, therefore, it 

so can be easily understood that the contained harmonic 
components are reduced. 

According to the above described embodiment, 
therefore, occurrence of side lobes caused by each car- 
rier is suppressed. As a result, required specifications 

55 for the filter can be mitigated. This results in an effect 
that the fitter can be reduced in cost and size owing to 
the lowered order. Furthermore, it becomes possible to 
omit the filter itself. 
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The influence of the waveform gentled by the above 
described embodiment will now be considered. In the 
case of the OFDM, a guard interval is added to each of 
the start edge and the end edge of each effective sym- 
bol, and the guard intervals which are not used at the 
time of demodulation on the receiving side exist in the 
signal. 

As already described, the guard intervals are 
added for the purpose of preventing components of 
other symbols from being mixed in by the multi-path or 
the like. 

As a result, the amplitude controller 1 in the above 
described embodiment mainly conducts such process- 
ing as to make the amplitude small over the guard inter- 
vals. Therefore, the amplitude controller 1 exerts little 
influence upon the true information actually used at the 
time of demodulation. Without lowering the information 
transfer function, therefore, the above described 
embodiment can sufficiently suppress the occurrence of 
side lobes, reduce the out-band leakage spectra, and 
certainly lower the dependence upon the filter. 

In the case where the present embodiment is 
applied to a system having an OFDM parameter in 
which the ratio of the guard interval to the entire symbol 
duration has been set to a larger value, the above 
described effect becomes greater. 

Heretofore, the present invention has been 
described by referring to an embodiment in which the 
amplitude control is conducted in the digital signal sys- 
tem. As a matter of course, however, the amplitude lim- 
iting may be effected in an analog portion following the 
D/A converter 83 included in the quadrature processor 
3. 

FIG. 15 shows such a different embodiment of the 
present invention. In this embodiment, the symbol sig- 
nal edge generator 2 and the amplitude controller 1 
shown in FIG. 9 are disposed after the D/A converter 83 
of the quadrature processor 3. The operation of the 
present embodiment is similar to that of the embodi- 
ment of FIG. 9, and consequently a similar effect is 
obtained. 

In the above described embodiments, the interval 
over which the amplitude of each of the signals Rg and 
l g is reduced, i.e.. the interval over which the multiplying 
coefficient y is made less than 1 .0 is made coincident 
with the guard interval AT. However, the interval over 
which the multiplying coefficient y is made less than 1 .0 
needs only be substantially equal to the guard interval 
AT, and may be longer than the guard interval AT or 
shorter than the guard interval AT. Here, the expression 
that the interval over which the multiplying coefficient y 
is made less than 1 .0 is substantially equal to the guard 
interval AT means that the interval over which the multi- 
plying coefficient y is made less than 1 .0 is preferably an 
interval having duration approximately 10% of the entire 
symbol duration T s . If the interval over which the multi- 
plying coefficient y is made less than 1 .0 is to be set 
longer than the guard interval AT, then the rising edge of 



the pulse P E is made earlier than the time t X3 , and/or 
the falling edge of the pulse P s is made later than the 
time tx2- On the other hand, if the interval over which the 
multiplying coefficient y is made less than 1.0 is to be 

5 set shorter than the guard interval AT, then the rising 
edge of the pulse P E is made later than the time tx3. 
and/or the falling edge of the pulse P s is made earlier 
than the time tx2- 

In another embodiment hereafter described and 

10 shown in FIG. 16, the interval over which the multiplying 
coefficient y is made less than 1 .0 needs only be sub- 
stantially equal to the guard interval AT in the same way. 

For example, in the case where 25% of the effective 
symbol duration is the guard interval, the interval over 

75 which the multiplying coefficient y is made less than 1 .0 
is made at most 10% of the entire symbol duration T s . 

In the above described embodiment, the multiplying 
coefficient y is linearly decreased from 1.0 to approxi- 
mately 0 over the rear guard interval between t X 3 and 

20 t(x+i)i- and I" 6 multiplying coefficient y is linearly 
increased from approximately 0 to 1.0 over the front 
guard interval between t X i and tx2- In this case, how- 
ever, the difference in level of the waveform becomes 
somewhat large at time t X3 and time t X3 , which are the 

25 start time point of the rear guard interval and the end 
time point of the front guard interval, respectively. 
Therefore, it is desirable to make gentle the change ratio 
of the multiplying coefficient y at the start time point of 
the rear guard interval and the end time point of the front 

30 guard interval. 

Still another embodiment of the present invention 
having the change ratio of the multiplying coefficient y 
thus made gentle will now be described by referring to 
FIG. 16. In the present embodiment, the symbol edge 

35 signal generator 2 of the embodiment shown in FIG. 9 is 
not used, and the amplitude controller I is altered as 
shown in FIG. 16. In other words, the amplitude control 
signal generation circuit 1B in the amplitude controller 1 
is formed by a counter 1 -5 and a memory (such as a 

40 ROM or a table) 1-6. FIG. 1 7 is a timing chart of signals 
illustrating the operation of the amplitude controller 1 
shown in FIG. 16. The counter 1-5 is supplied with the 
pulse P g from the guard interval adder 82 and the clock 
from a clock generator not illustrated. In other words, 

45 the counter 1 -5 is reset in response to the rising edge of 
the pulse P g (at time t X 3> so as to have an output value 
Cq'. Thereafter, the counter 1 -5 counts the clock pulses 
until the falling edge of the pulse P g (at time Xy^. At the 
time t X2 . the count value c' becomes cy. The count 

so value of the counter 1 -5 is output to the memory 1 -6. By 
using the count value c* as the address, the memory 1- 
6 reads out a multiplying coefficient y stored before- 
hand. The multiplying coefficient Y is a value preset 
according to the count value c*. For example, y 0 = 1 .0 

55 when c* = c' 0 as shown in (c) of FIG. 17. As c' is 
increased from c* 0 , the multiplying coefficient Y 
decreases in a quadratic curve form. At the time of 
c' - c' 2 corresponding to the connection point between 
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adjacent entire symbol durations (i.e., the center point 
of the guard interval AT), y becomes approximately 0. 
Thereafter, as c* is increased from c' 2 , the multiplying 
coefficient Y increases in a quadratic curve form. At the 
time of c* = c'1 corresponding to the end time point of 
the guard interval, Yo becomes approximately 1 .0. 

Near the time t X 3 and the time t^ which are respec- 
tively the start time point of the rear guard interval and 
the end time point of the front guard interval, the change 
rate of the multiplying coefficient Y is thus made gentle. 
Therefore, the difference in level of the waveform 
becomes extremely small. 

Furthermore, the multiplying coefficient y* may 
change in a sinusoidal form according to the coefficient 
value c' as shown in (d) of FIG. 17. 

In the present embodiment, therefore, occurrence 
of side lobes can be suppressed as compared with the 
embodiment of FIG. 9. 

Still another embodiment in which the present 
invention has been applied to such an OFDM modula- 
tion system that a guard interval having duration AT as 
shown in FIG. 5 is added to the front edge or the rear 
edge of the effective symbol duration will now be 
described. FIG. 18 is a block diagram showing an exam- 
ple of the configuration of the amplitude controller in the 
present embodiment. FIGS. 19 and 20 are timing charts 
of signals illustrating the operation of the amplitude con- 
troller shown in FIG. 18. The configuration of the 
present embodiment is nearly the same as that of the 
embodiment shown in FIG. 16. 

In the present embodiment, a waveform (e) having 
duration AT located in a start portion of the effective 
symbol duration V s is added after the end edge of the 
effective symbol duration to form a guard interval wave- 
form (e 1 ) of duration AT as shown in (d) of FIG. 19. Or a 
waveform (f) having duration AT located in an end por- 
tion of the effective symbol duration V s is added before 
the start edge of the effective symbol duration to form a 
guard interval waveform (f) of duration AT as shown in 
(d) of FIG. 20. In the case where the guard interval has 
been added as shown in (d) of FIG. 19, the waveform 
becomes discontinuous and the difference in level 
becomes extremely large at the connection point (such 
as time t 12 and t 22 ) between the effective symbol and 
the guard interval. In the same way, in the case where 
the guard interval has been added as shown in (d) of 
FIG. 20, the waveform becomes discontinuous and the 
difference in level becomes extremely large at the con- 
nection point (such as time to3 and t 13 ) between the 
effective symbol and the guard interval. 

In the present embodiment therefore, attenuation 
is effected only during an interval having duration sub- 
stantially equivalent to the duration AT of the guard 
interval and centering around the connection point 
between each guard interval and an effective symbol 
duration adjacent thereto. In addition, attenuation is 
effected so as to maximize the attenuation substantially 
at the connection point. 



First of all, the configuration and operation of the 
amplitude controller 1 of the case where the guard inter- 
val is added as shown in (d) of FIG. 1 9 will be described 
by referring to FIGS. 18 and 19. 

5 In FIG. 18. the configuration and function of the 

amplitude control circuit 1 A are the same as those of the 
foregoing embodiments. 

The counter 1-5 is reset in response to the rising 
edge of the pulse P g (at time t X3 such as to 3 and t 13 ) so 

io as to have an output value Cq*. Thereafter, the counter 1 - 
5 counts the clock pulses until the output value 
becomes a predetermined value C3' (at time tx2 such as 
time t 12 ' and X&l- The count value c* becomes c 4 * at 
time t X i (such as time t n and t 2 i). and becomes c 5 ' at 

is time tx2 (such as time 2 and t 22 )- 

By using the count value c' supplied from the coun- 
ter 1-5 as the address, the memory 1 -6 reads out a mul- 
tiplying coefficient Y" stored beforehand. The 
multiplying coefficient Y" is a value preset according to 

20 the count value c\ For example. Y" 0 = 1 .0 when c' = c' 4 
as shown in (c) of FIG. 1 9. As c' is increased from c'4, 
the multiplying coefficient V" decreases in a quadratic 
curve or sine wave form. At the time of C = c' 5 corre- 
sponding to the connection point between a guard inter- 

25 val and an effective symbol duration adjacent thereto, Y" 
becomes approximately 0. Thereafter, as c' is increased 
from c* 5 , the multiplying coefficient Y" increases in a 
quadratic curve or sine wave form. At the time tx2 (such 
as time t| 2 ' arxj X22) when c* = c' s , Y"o returns to 1 .0. 

30 Over the interval centering around the connection 
point between the guard interval and the effective sym- 
bol duration adjacent thereto, the multiplying coefficient 
Y" is thus reduced gradually. And the multiplying coeffi- 
cient Y" is made nearly equal to 0 at the connection 

35 point having a large difference in level. As a whole, 
therefore, the difference in level of the waveform 
becomes extremely small. 

Subsequently, the configuration and operation of 
the amplitude controller 1 of the case where the guard 

40 interval is added as shown in (d) of FIG. 20 will be 
described by referring to FIGS. 18 and 20. 

In FIG. 18, the configuration and function of the 
amplitude control circuit 1 A are the same as those of the 
foregoing embodiments. 

45 The counter 1-5 is reset in response to the rising 
edge of the pulse P g (at time t X3 such as to3 and t 13 ) so 
as to have an output value c 0 '. Thereafter, the counter 1 - 
5 counts the clock pulses until the rising edge of the 
next pulse P g . The count value c' becomes c 7 * at time 

so t x1 (such as time t n and t 21 ), becomes c 8 ' at time t X3 ' 
preceding the time t x3 by AT/2 (such as time to 3 ' and 
t 13 ') t and becomes c$ at time t X3 (such as time to3 and 

tl3). 

By using the count value c* supplied from the coun- 
55 ter 1 -5 as the address, the memory 1 -6 reads out a mul- 
tiplying coefficient r 1 '" stored beforehand. The 
multiplying coefficient Y" is a value preset according to 
the count value c\ For example, Y"0 = 1 .0 over an inter- 
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val between c' = c* 7 and C = C e as shown in (c) of FIG. 
19. As c' is increased from c' e . the multiplying coefficient 
V decreases in a quadratic curve or sine wave form. 
When c* = C 6 (c* = c* 0 ) corresponding to the connec- 
tion point between a guard interval and an effective $ 
symbol duration adjacent thereto is reached, Y" 
becomes approximately 0. Thereafter, as C is increased 
from c'q. the multiplying coefficient Y" increases in a 
quadratic curve or sine wave form. At the time t X i (such 
as time \<\ ^ and t 2 i) when c' = c' 7 , Y"o returns to 1 .0. w 

Over the interval centering around the connection 
point between the guard interval and the effective sym- 
bol duration adjacent thereto, the multiplying coefficient 
Y" is thus reduced gradually. And the multiplying coeffi- 
cient Y" is made nearly equal to 0 at the connection is 
point having a large difference in level. As a whole, 
therefore, the difference in level of the waveform 
becomes extremely small. 

In the present embodiment as well, the interval over 
which the amplitude of each of the signals R g and l g is 20 
reduced, i.e., the interval over which the multiplying 
coefficient Y" is made less than 1 .0 is made equal to the 
guard interval AT. However, the interval over which the 
multiplying coefficient Y" 's made less than 1 .0 needs 
only be substantially equal to the guard interval AT, and 25 
may be longer than the guard interval AT or shorter than 
the guard interval AT. Here, the expression that the 
interval over which the multiplying coefficient Y" is made 
less than 1.0 is substantially equal to the guard interval 
AT means that the interval over which the multiplying 30 
coefficient Y" is made less than 1 .0 is an interval having 
duration approximately 10% of the entire symbol dura- 
tion T s . 

For example, in the case where 25% of the effective 
symbol duration is the guard interval, the interval over 35 
which the multiplying coefficient Y" is made less than 
1 .0 is made at most 10% of the entire symbol duration 
T s - 

According to the present invention, it is possible to 
sufficiently suppress the occurrence of side lobes and 40 
reduce the out-band leakage spectra by using such a 
simple configuration as to control the amplitude of a 
composite signal every specific interval, i.e., every 
guard interval of the composite carrier signal with a 
guard interval added. As a result, it becomes possible to 45 
sufficiently lower the dependence upon the filter. With- 
out using a nonpractical filter, and furthermore without 
the necessity of using a filter, therefore, it is possible to 
easily provide a small-sized, low cost OFDM modulator. 

so 

Claims 

1 . An orthogonal frequency division multiplex (OFDM) 
modulator of such a system as to add guard inter- 
vals to a temporal waveform generated by modulat- ss 
ing an input data train into a large number of 
carriers, conducting quadrature modulation, and 
outputting an OFDM signal, said orthogonal fre- 



quency division multiplex modulator comprising: 

an IFFT circuit (81) for conducting inverse fast 
Fourier transform (IFFT) processing to modu- 
late said input data train into a large number of 
carriers; 

a guard interval adder (82) for adding a guard 
interval to each effective symbol duration of a 
composite carrier signal supplied from said 
IFFT circuit and outputting a resultant signal; 
a control signal generator (2, 1A) for generat- 
ing, in synchronism with each guard interval of 
the composite carrier signal having the guard 
intervals added thereto from said guard interval 
adder, such a control signal as to attenuate sig- 
nal amplitude of said composite carrier signal 
having the guard intervals over an interval sub- 
stantially equal in length to said each guard 
interval; and 

an amplitude controller (1 B) responsive to said 
control signal, to attenuate an amplitude of the 
composite carrier signal having the guard inter- 
vals supplied from said guard interval adder 
and output a resultant signal, only over an 
interval substantially equal in length to said 
each guard interval, said amplitude controller 
outputting, in remaining intervals, said compos- 
ite carrier signal having the guard intervals sup- 
plied from said guard interval adder as it is. 

2. An orthogonal frequency division multiplex modula- 
tor according to Claim 1 , 

wherein said control signal generator (2, 1 A) 
generates, in synchronism with each guard interval 
of the composite carrier signal having the guard 
intervals added thereto, such the control signal as 
to attenuate signal amplitude of said composite car- 
rier signal having the guard intervals over an inter- 
val which is substantially the same in timing as said 
each guard interval, and 

wherein said amplitude controller (1B) is 
responsive to said control signal, to attenuate the 
amplitude of the composite carrier signal having the 
guard intervals supplied from said guard interval 
adder and output a resultant signal, only over an 
interval which is substantially the same in timing as 
said each guard interval, said amplitude controller 
outputting, in remaining intervals, said composite 
carrier signal having the guard intervals supplied 
from said guard interval adder as it is. 

3. An orthogonal frequency division multiplex modula- 
tor according to Claim 2, wherein said control signal 
generator generates such a control signal as to 
gradually increase attenuation of the amplitude of 
said composite carrier signal having the guard 
intervals added thereto, substantially from a start 
point of said each guard interval, maximize the 
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attenuation nearly in a central part of said guard 
interval to make the amplitude of said composite 
carrier signal equal to substantially zero, thereafter 
gradually decrease the attenuation, and make the 
attenuation equal to zero substantially at an end 5 
point of said guard interval. 

4. An orthogonal frequency division multiplex modula- 
tor according to Claim 2, wherein said control signal 
generator comprises a counter (1-3) for counting 10 8. 
clock pulses substantially from a start point of said 

guard interval, and a memory (1-4 or the like) for 
reading out the control signal to attenuate the signal 
amplitude of said composite carrier signal accord- 
ing to a count value of said counter and outputting 15 
the control signal. 

5. An orthogonal frequency division multiplex modula- 
tor according to Claim 2, 

wherein said control signal generator (2, 1 A) 20 
generates, in synchronism with each guard interval 
of the composite carrier signal having the guard 
intervals added thereto, such a control signal as to 
attenuate signal amplitude of said composite carrier 
signal, over an interval which centers around a con- 2s 
nection point between said guard interval and an 
effective symbol duration adjacent thereto and 
which is substantially equal in length to said guard 
interval, and 

wherein said amplitude controller (1B) is 30 
responsive to said control signal, to attenuate the 
amplitude of the composite carrier signal supplied 
from said guard interval adder and output a result- 
ant signal, only over an interval which centers 
around a connection point between said guard 35 
interval and an effective symbol duration adjacent 
thereto and which is substantially equal in length to 
said guard interval, said amplitude controller out- 
putting, in remaining intervals, the composite car- 
rier signal supplied from said guard interval adder 40 
as it is. 

6. An orthogonal frequency division multiplex modula- 
tor according to Claim 5. wherein said control signal 
generator generates such a control signal as to 45 
gradually increase attenuation of the amplitude of 9. 
said carrier signal having the guard intervals added 
thereto, from a time point earlier than said connec- 
tion point by substantially half of the duration of the 

guard interval, maximize the attenuation substan- so 
tially at said connection point to make the amplitude 
of the composite carrier signal equal to substan- 
tially zero, thereafter gradually decrease the attenu- 
ation, and make the attenuation equal to zero at a 
time point later than said connection point by sub- ss 
stantially half of the duration of the guard interval. 

7. An orthogonal frequency division multiplex modula- 



tor according to Claim 5, wherein said control signal 
generator comprises a counter (1-3) for counting 
clock pulses substantially from a start point of said 
guard interval, and a memory (1-4 or the like) for 
reading out the control signal to attenuate the signal 
amplitude of said composite carrier signal accord- 
ing to a count value of said counter and outputting 
the control signal. 

An orthogonal frequency division multiplex (OFDM) 
modulator of such a system as to add guard inter- 
vals to a temporal waveform generated by modulat- 
ing an input data train into a large number of 
(sub)carriers, said orthogonal frequency division 
multiplex (OFDM) modulator comprising: 

an IFFT circuit (81) for conducting inverse fast 
Fourier transform (IFFT) processing to modu- 
late said input data train into a large number of 
(sub)carriers; 

a guard interval adder (82) for adding a guard 
interval to each effective symbol duration of a 
composite carrier signal supplied from said 
IFFT circuit and outputting a resultant signal; 
a control signal generator (2, 1A) for generat- 
ing, in synchronism with each guard interval of 
the composite carrier signal supplied from said 
guard interval adder, such a control signal as to 
attenuate signal amplitude of said composite 
carrier signal over an interval substantially 
equal in length to said each guard interval; and 
an amplitude controller (1B) responsive to said 
control signal, to attenuate the amplitude of the 
composite carrier signal supplied from said 
guard interval adder and output a resultant sig- 
nal, only over an interval substantially equal in 
length to said each guard interval, said ampli- 
tude controller outputting, in remaining inter- 
vals, said composite carrier signal supplied 
from said guard interval adder as it is; and 
an quadrature processor (3) for conducting 
quadrature modulation on the signal supplied 
from said amplitude controller and outputting 
an OFDM signal. 

An orthogonal frequency division multiplex modula- 
tor according to Claim 8, 

wherein said control signal generator (2, 1 A) 
generates, in synchronism with each guard interval 
of the composite carrier signal having the guard 
intervals added thereto, such a control signal as to 
attenuate signal amplitude of said composite carrier 
signal over an interval which is substantially the 
same in timing as said each guard interval, and 

wherein said amplitude controller (1B) is 
responsive to said control signal, to attenuate the 
amplitude of the composite carrier signal supplied 
from said guard interval adder and output a result- 
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ant signal, only over an interval which is substan- 
tially the same in timing as said each guard interval, 
said amplitude controller outputting, in remaining 
intervals, said composite carrier signal supplied 
from said guard interval adder as it is. 5 

10. An orthogonal frequency division multiplex modula- 
tor according to Claim 9, wherein said control signal 
generator generates such a control signal as to 
gradually increase attenuation of the amplitude of 10 
said composite carrier signal having the guard 
intervals added thereto, substantially from a start 
point of said each guard interval, maximize the 
attenuation nearly in a central part of said guard 
interval to make the amplitude of said composite 75 
carrier signal equal to substantially zero, thereafter 
gradually decrease the attenuation, and make the 
attenuation equal to zero substantially at an end 
point of said guard interval. 

20 

1 1 . An orthogonal frequency division multiplex modula- 
tor according to Claim 9, wherein said control signal 
generator comprises a counter (1-3) for counting 
clock pulses substantially from a start point of said 
guard interval, and a memory (1-4 or the like) for 25 
reading out the control signal to attenuate the signal 
amplitude of said composite carrier signal accord- 
ing to a count value of said counter and outputting 
the control signal. 

30 

12. An orthogonal frequency division multiplex modula- 
tor according to Claim 8, 

wherein said control signal generator (2, 1 A) 
generates, in synchronism with each guard interval 
of the composite carrier signal having the guard 35 
intervals added thereto, such a control signal as to 
attenuate signal amplitude of said composite carrier 
signal, over an interval which centers around a con- 
nection point between said guard interval and an 
effective symbol duration adjacent thereto and 40 
which is substantially equal in length to said guard 
interval, and 

wherein said amplitude controller (1B) is 
responsive to said control signal, to attenuate the 
amplitude of the composite carrier signal supplied 45 
from said guard interval adder and output a result- 
ant signal, only over an interval which centers 
around a connection point between said guard 
interval and an effective symbol duration adjacent 
thereto and which is substantially equal in length to so 
said guard interval, said amplitude controller out- 
putting, in remaining intervals, the composite car- 
rier signal supplied from said guard interval adder 
as it is. 

ss 

13. An orthogonal frequency division multiplex modula- 
tor according to Claim 12, wherein said control sig- 
nal generator generates such a control signal as to 



gradually increase attenuation of the amplitude of 
said carrier signal having the guard intervals added 
thereto, from a time point earlier than said connec- 
tion point by substantially half of the duration of the 
guard interval, maximize the attenuation substan- 
tially at said connection point to make the amplitude 
of the composite carrier signal equal to substan- 
tially zero, thereafter gradually decrease the attenu- 
ation, and make the attenuation equal to zero at a 
time point later than said connection point by sub- 
stantially half of the duration of the guard interval 

14. An orthogonal frequency division multiplex modula- 
tor according to Claim 12, wherein said control sig- 
nal generator comprises a counter (1 -3) for 
counting clock pulses substantially from a start 
point of said guard interval, and a memory (1-4 or 
the like) for reading out the control signal to attenu- 
ate the signal amplitude of said composite carrier 
signal according to a count value of said counter 
and outputting the control signal. 

1 5. An orthogonal frequency division multiplex (OFDM) 
modulation method of such a system as to add 
guard intervals to a temporal waveform generated 
by modulating an input data train into a large 
number of (sub)carriers, conducting quadrature 
modulation, and outputting an OFDM signal, said 
orthogonal frequency division multiplex (OFDM) 
modulation method comprising the steps of: 

(a) conducting inverse fast Fourier transform 
(IFFT) processing to modulate said input data 
train into a large number of (sub)carriers; 

(b) adding a guard interval to each effective 
symbol duration of a composite carrier signal 
obtained by said step (a); 

(c) attenuating signal amplitude of said com- 
posite carrier signal having the guard intervals 
added thereto and outputting a resultant signal, 
only over an interval substantially equal in 
length to said each guard interval, and output- 
ting, in remaining intervals, said composite car- 
rier signal obtained by said step (b) as it is. 

1 6. An orthogonal frequency division multiplex modula- 
tion method according to Claim 15, wherein said 
step (c) comprises the step of attenuating the 
amplitude of the composite carrier signal having the 
guard intervals added thereto and outputting a 
resultant signal, only over an interval which is sub- 
stantially the same in timing as said each guard 
interval, and outputting, in remaining intervals, said 
composite carrier signal obtained by said step (b) 
as it is. 

17. An orthogonal frequency division multiplex modula- 
tion method according to Claim 16. wherein said 
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step (c) comprises the step of gradually increasing 
attenuation of the amplitude of said composite car- 
rier signal having the guard intervals added thereto, 
substantially from a start point of said each guard 
interval, maximizing the attenuation nearly in a cen- s 
tral part of said guard interval to make the ampli- 
tude of said composite carrier signal equal to 
substantially zero, thereafter gradually decreasing 
the attenuation, and making the attenuation equal 
to zero substantially at an end point of said guard w 
interval. 

18. An orthogonal frequency division multiplex modula- 
tion method according to Claim 15. wherein said 
step (c) comprises the step of attenuating signal 75 
amplitude of said composite carrier signal having 

the guard intervals added thereto and outputting a 
resultant signal, only over an interval which centers 
around a connection point between said guard 
interval and an effective symbol duration adjacent 20 
thereto and which is substantially equal in length to 
said guard interval, and outputting, in remaining 
intervals, said composite carrier signal obtained by 
said step (b) as it is. 

25 

19. An orthogonal frequency division multiplex modula- 
tion method according to Claim 18, wherein said 
step (c) comprises the step of gradually increasing 
attenuation of the amplitude of said carrier signal 
having the guard intervals added thereto, from a so 
time point earlier than said connection point by sub- 
stantially half of the duration of the guard interval, 
maximizing the attenuation substantially at said 
connection point to make the amplitude of said 
composite carrier signal equal to substantially zero. 35 
thereafter gradually decreasing the attenuation, 
and making the attenuation equal to zero at a time 
point later than said connection point by substan- 
tially half of the duration of the guard interval. 
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